Introduction
The knowledge of refractive index property at different temperatures of liquid mixtures is an important step for their structure and characterization. Along with other thermodynamic data, refractive index values are also useful for practical purposes in engineering calculations. Refractive index is useful to assess purity of substances, to calculate the molecular electronic polarizability (Kier and Hall, 1976) to estimate the boiling point with Meissner's method (Rechsteiner, 1990) or to estimate the other thermodynamic properties. In recent past, several work-ers (Sharma et al., 2007; Mehra, 2003; Fermeglia and Torriano, 1999; Nayak et al., 2003; Pandey et al., 1992) have applied various mixing rules in binary and ternary liquid mixtures to calculate the refractive index and to check the validity of these mixing rules. The mixing behavior of such liquid mixtures containing acetonitrile is interesting due to the presence of cyano group coupled with amide linkage resulting interactions in the liquid mixtures. In this work, we present the experimental data on density and refractive index of binary liquid mixtures of formamide, N-methyl acetamide (NMA), di-methylformamide (DMF) and di-methylacetamide (DMA) with acetonitrile at T = 293.15, 298.15, 303.15, 308.15 and 313.15 K and atmospheric pressure over the whole concentration range. These data were analyzed in terms of Lorentz-Lorentz mixing rule (Tasic et al., 1992) model of Ramaswamy and Anbananthan (1981) and Shukla et al. (2011) and model suggested by Glinski (2003) . Models (Ramaswamy and Anbananthan, 1981; Shukla et al., 2011; Glinski, 2003) , associated, are based on the association constant as an adjustable parameter whereas model (Tasic et al., 1992) , non-associated is based on the additivity of liquids. For that purpose, we have selected the liquids having weak interacting ability but immense sense of technological significance in chemical industries. Using these experimental data, deviation in molar refraction (DR) has been studied and fitted to a Redlich-Kister type polynomial equation (Redlich and Kister, 1948) to derive binary coefficients and estimated standard errors. An attempt has also been made to correlate the experimental properties with the McAllister (1960) equation which is based on Eyring theory of absolute reaction rates and for liquids, the free energy of activation is additive on a number fraction.
The association phenomenon has been related usually to the deviation of different quantities from additivity and the model (Ramaswamy and Anbananthan, 1981; Shukla et al., 2011) is simple averaged geometrical derivations in terms of equilibrium. The mixing behavior of liquids and their correlation with molecular interaction have also been made using different liquid models. It is our first attempt to correlate all the models (associated and non-associated) to predict the mixing behavior of binary liquid mixtures from refractive index data.
Experimental section

Materials
High purity and AR grade samples of formamide, N-methyl acetamide (NMA), di-methylformamide (DMF) and di-methylacetamide (DMA) and acetonitrile used in this experiment were obtained from Merck Co. Inc., Germany, and purified by distillation in which the middle fraction was collected. The liquids were stored in dark bottles over 0.4 mm molecular sieves to reduce water content and were partially degassed with a vacuum pump. The purity of each compound was checked by gas chromatography and the results indicated that the mole fraction purity was higher than 0.99. All the materials were used without further purification. The purity of chemicals used was confirmed by comparing the densities and refractive indices with those reported in the literature as shown in Table 1 .
Apparatus and procedure
Before each series of experiments, we calibrated the instrument at atmospheric pressure with doubly distilled water. The densities of the pure components and their mixtures were measured with the bi capillary pyknometer with an accuracy of ±5.0 · 10 À4 kg m À3 . The liquid mixtures were prepared by mass in an air tight stopped bottle using an electronic balance model SHIMADZUAX-200 accurate to within ±0.1 mg. The average uncertainty in the composition of the mixtures was estimated to be less than ±0.0001. All molar quantities were based on the IUPAC relative atomic mass table.
Refractive index for sodium D-line was measured using a thermostatically controlled Abbe refractometer (Agato 3T, Japan). Calibration of the instrument was performed with double distilled water. A minimum of three readings were taken for each composition and the average value was considered in all calculations. Refractive index data are accurate to ±0.0001 units.
Theoretical
Ramaswamy and Anbananthan (1981) and Shukla et al. (2011) proposed the model based on the assumption of linearity of acoustic impedance with the mole fraction of components. Further Glinski (2003) assumed that when solute is added to solvent, the molecules interact according to the equilibrium as
and the association constant K as can be defined as
where A is the amount of solvent and B is the amount of solute in the liquid mixture. By applying the condition of linearity with composition
where x A , x AB, n A and n AB are the mole fraction of A, mole fraction of associate AB, refractive index of A and refractive index of associate AB, respectively. The component AB cannot be obtained in its pure form. Following simplifications have been made, firstly, concentration term should be replaced by activities for concentrated solution and second, there are also molecules of non-associated components in the liquid mixture. Eq.
(3) takes the form,
where h is a temperature dependent adjustable parameter which changes with the changing temperature conditions. The general idea of this model can be, however, exploited as
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Now, assuming any value of refractive index in the pure component, it is possible to compare the refractive indices calculated using Eq. (4) with the experimental values. On changing both the adjustable parameters K as and n AB gradually, one can get different values of the sum of squares of deviations,
The minimum value of S can be obtained theoretically by a pair of the fitted parameters. But we found that for some K as and n as , the value of S is high and changes rapidly, and for others, it is low and changes slowly when changing the fitted parameters. In such cases, the value of n AB should not be much lower than the lowest observed refractive index of the system or much higher than the highest one. Quantitatively, it should be reasonable to accept the pair of adjustable parameters K as and n AB which have the physical sense and which reproduce the experimental refractive indices satisfactorily. Glinski (2003) suggested that experimental results with significantly well accuracy can be produced from the following equation as
where n cal is the calculated refractive index, / 1 , / 2 are the volume fractions of components 1 and 2 and n 1 , n 2 are the refractive indices of pure components. Lorentz-Lorentz (L-L) relation (Tasic et al., 1992) has a widest application during the evaluation of refractive indices of mixture and density of pure components as well as density of the mixture and represented in terms of specific refraction as
here n m , n 1 , n 2 are the refractive indices of mixture and pure components, 1 and 2, respectively, and / 1 , / 2 are the volume fractions of pure components. (Timmermans, 1950; Riddick et al., 1986) at 293.15, 298.15, 303.15, 308.15 and 313.15 K. Coefficients of the Redlich-Kister polynomials and their standard deviations (r) are presented in Table 2 . Parameters of McAllister three body and four body interaction models and standard deviations for refractive indices are presented in Table 3 . Table  4 presents the comparison of average percent molar refractivity deviation (%DR), average molar refractivity deviation (DR), (10)) for acetonitrile + formamide, acetonitrile + NMA, acetonitrile + DMF and acetonitrile + DMA over the whole composition range at five temperatures were recorded in Table 5 . Ramaswamy and Anbananthan model has been extended and corrected for the prediction of refractive index and molar refractivity of binary mixtures which was originally derived for the prediction of acoustical impedance. The results of fittings obtained from the model were utilized properly. The basic doubt regarding this model except the assumption of linearity of refractive index with mole fraction is that these liquids have poor tendency to form dimmers. Calculations were performed using a computer program which allows easily both the adjustable parameters simultaneously or the parameters were changed, manually.
Results and discussion
We constructed the data sheet in a computer program, with association constant K as and C AB as the fitted parameters (C AB is the refractive index in the pure component AB means a hypothetical liquid having only the associate A-B. On changing these parameters, the equilibrium concentrations of species [A], [B] and [AB] will change and the refractive index can be computed. The difference between experimental and theoretical refractive indices is used to obtain the sum of squares of deviations. It is assumed that in solution three associates are formed instead of two (pure A, pure B and AB). The values of refractive index in pure associate can be treated as a fitted one with the value of K as . The mixing function, DR was represented mathematically by the Redlich-Kister equation (Redlich and Kister, 1948) for correlating the experimental data as
where y refers to DR, x 1 is the mole fraction and A i is the coefficient. The values of coefficients A i were determined by a multiple regression analysis based on the least squares method and are summarized along with the standard deviations between the experimental and fitted values of the respective function in Table 2 . The standard deviation is defined by
where m is the number of experimental points and p is the number of adjustable parameters. For the case the r values lie between 0.07 and 4.20 and the largest r value corresponds to acetonitrile + DMF mixture at 313.15 K. Molar refractivity was obtained from refractive index data according to the following expression:
where M is the mean molecular weight of the mixture and q is the mixture density. The molar refractivity deviation function shown in Figs. 1 and 2 has been calculated by the following expression: (4) ), m, model devised by Glinski (Eq. (9) ).
where U 1 and U 2 are volume fractions which are obtained by the relation (Araguppi et al., 1999; Aralaguppi et al., 1990; Aralaguppi et al., 1999) as
There is no general rule that states how to calculate a refractivity function. Konti et al. (1997) reported deviations in molar refractivity with volume fraction referring to the Lorentz-Lorentz mixing rules.
McAllister (1960) multibody interaction model which is based on the Eyring's theory of absolute reaction rates and for liquids the free energy of activation for viscosity is additive on a number fractions and that interactions of like and unlike molecules must be considered hence it can be applied to refractive index data. The three body model is defined as
and the four body model is given by
where n is the refractive index of the mixture and x 1 , n 1 , M 1 , x 2 , n 2 and M 2 are the mole fractions, refractive indices, and molecular weights of pure components 1 and 2, respectively; a, b and c are adjustable parameters that are characteristic of the system. In the above Eqs. (15) and (16) the coefficients a, b and c have been calculated using the least squares procedure. The estimated parameters of the refractive index equations and the standard deviations, r, between the calculated and experimental values are given in Table 3 . It is observed that the four body model of the McAllister equation correlated the refractive index of the mixture to a significantly higher degree of accuracy for all of the systems than does the three body model. Furthermore, the values of the McAllister parameters have shown a decreasing tendency with rise in temperature. Generally, McAllister's models are adequate in correlation for those systems as evidenced by small deviations. The minimum and maximum average percent deviation (%DR) in molar refractivity and average deviation in refractive index for all the systems are found to be 1. 24 & 8.72 and 0.0006 & 0.38 at 308.15 K, 313.15 & 293.15 K, respectively, as indicated in Table 4 . With the increase of volume fraction (U), the values of refractive index obtained from all the models decrease at all temperatures except in few places. Results of molar refractivity computed from Eq. (13) for the entire systems show regular trend except in few places as shown in Table 5 . The minimum and maximum percent deviation (%DR) in molar refractivity are 0.12 at 313.15 K for acetonitrile + formamide and 11.03 at 308.15 K for acetonitrile + formamide system, respectively.
The results of deviation in molar refraction, DR, plotted as a function of U i for acetonitrile + DMA mixtures at 298. 15, 303.15, 308.15 and 313.15 (4) ), m, model devised by Glinski (Eq. (9) ). the cases, theoretical molar refractivity computed from all the models agree well within the experimental precision. The trend in all the figures is almost similar and negative. Molar refraction increases with molecular weight for all the systems. Density and refractive index depend on molecular weight and nature of solution and values decrease with the increase of temperature as evidenced in Table 5 . Very close values of McAllister three and four body interaction models with the experimental data confirm the success of our experimental findings as evidenced in Table 4 .
Finally, it can be concluded that the expressions used for interpolating the experimental data measured in this work provide good results as can be seen by inspecting the r values obtained. All the models based on associated processes and non-associated processes give more reliable results and are helpful in deducing the internal structure of associates through the fitted values of refractive index in a hypothetical pure associate and observed dependence of concentration on the composition of a mixture.
